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Why measure sin(2c)

e Study fundamental question of C P violation s
(d'\ /Vud Vu Vub\ /d\ /Wéiu
/ = Vd V Vb b V’u,b U

\ ")\ Ve Vi Vi J b

VudVup™ ViaVin™

V.aVoo*
VudVur™ + VeaVe™ + ViaVis® = 0

e Is everything limited to CKM matrix (Standard Model)?

— see if triangle is closed (oo + 3 + v = 7)
- sin(28) = 0.78 £ 0.08
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How to measure sin(2a)

e 1 (45) — B°4,)B®4,) coherent P-wave
o Two paths: B ) = B = for  Ampl=Ag.,

° Measure Bo(tl) — Bo(tz) — fCP Amplzﬁfcp X (%)mix

['(B°—f,ty)oxe|1AU/™8(14-C/,,, cos(AmAt)—S;,, sin(AmALt))
['(B°—f,ty)oxe |1AU/™8(1—-C/,, . cos(AmAt)+Ss,, sin(AmALt))

S . ZIm)\fCP
C — 1_|’\J"CP|2 fop — p/ X Afcp
Jep — 1+|Afcp|2

e Have to look at b — u decays (Vi)

Pure tree: A\, = (&ZY{ZZ)(%Z;‘:‘;S) = e S, . = sin(2a)
Crr =0

B — ntn,nta— = (pn),4nx(pp,a m), ...
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Penguin “pollution” in sin(2a)

ar-T +
" W+‘/td d

Xyd d —\‘\ :Z; Eq

b = (7 q
w, d = w,d wu,d w,d wu,d

Mode | ar ap | BABAR B(10~°)

ant|vV2 0 2| 5.44+07+0.5

mO0nTt 1 0 4. 1+1 1 40.8

70 r0 0 —1 < 3.4

— Crr o Sin(strong) (direct-CP: A # A)
- Srr = V1 — Cr:2sin(2ag)
- 20éeﬂ' = 2 —+ 0

— 0 from Isospin or Model

1 4, —
\EA(BO-»R )

AB>=rn @) = AB—~ 1" 7)
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“Penguin Pollution” from B — K

e Large B — Km —> cross-feed in B — 77 reconstruction

e B — K interesting by itself:
e.g. direct CP  Acgp ~ 2(%) sin(7) sin(d)

e SU(3) = |P/T|rr ~ 0.28 (e.g. Gronau/Rosner)
ap-P" 4+ oap-T' +

. -V
w ts ; ‘jyu \\“u
N q s W+ w
t w+
g q b —~ 7] 5
w,d = w,d w,d = w,d wu,d = w, d
Mode ap oT BABAR B(lO_G)
Kta—| v/2 +/2 0 |17.8 +1.14+0.8
Kzt | —v/2 0 0 | 175775 +1.3
Ktn® | -1 -1 11.1773 +1.0
Koz | —1 0 8.213 1 +1.2
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Requirements on sin(2a..s) Analysis

e Features common to sin(23) and sin(2a.f):

— exclusive reconstruction of the signal B
— flavor tagging of the other B
— precise vertexing for time-dependence

e What is special about sin(2a.s):

— reconstruct rare decays (Branching < 107°)
=> need high luminosity, many B's

— high combinatoric background
—> sophisticated background suppression

— potential K7 /77 cross-feed
—> efficient particle identification, combined fit

— “penguin pollution”
= fit for both cos and sin terms
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BABAR Experiment
PEP-II e BABAR .
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80 /;/ \\\ \\\\\\\\
75 —  PEP-Il Delivered 95.86/fb //
~70 1 BABAR Recorded 91.21/fb /4
£65 — BABAR off-peak 9.93/fb Ve
260 — //
/
'g 50 //
%’ 45 /_//
% 40 //"
g35 7
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25 // —  Delivered Luminosity [H
/ — Recorded Luminosity
20 / —  Off Peak B
15 /
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ete — T(4S) — BB e Silicon Vertex Tracker (SVT) e
4o _ W o e Drift Chamber (DCH) e
e'e — qq — Jets o Cherenkov Detector (DIRC)

This analysis: through Dec.2001 e EM Calorimeter (EMC) o
6 @ Instr. Flux Return (IFR) @
N,5=(60.2 £ 0.7)x 10
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B-decay Analysis

Fully reconstruct B — wt ™ (or K7 ™)

e Vertex (SVT)
e Momentum (DCH+SVT)
e Energy (DCH+SVT) B

e Particle ID (DIRC) . -
Constrain 7' (45) — BB
beam spot IP
e Beam momenta
Look at the other B VA
o Vertex (SVT)

e Flavor tagging (full BABAR)
e Event shape  (DCH+EMC)
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Momentum Constraint

e Energy-substituted mass (etTe™—71(45)—BB)

_ 2 —> 50——F—F—T—T T T—T T T T T ] T T
MgEs = \/E — D [

b B - BABAR ﬁ _
~Ey, = (/2 + Pec - P5)/Eee | Control Sample ]
) . :t B =>Dm :

B almost at rest (in T (45) cm) o | |
E™ = 5.29 GeV 2m ]
mp = 5.28 GeV st :
_ o - background ;
e Signal parameterization: S ]
— from Monte Carlo 520 Mg (GeV/c?) 530

—e= 324

— and control samples

Drift Chamber |

e Background parameterization

. . . ’ —:SS\’/WJ = 'Ti” A | 1618
— from sidebands (float in the fit) ' f
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Energy Constraint

e Energy Constraint:

AE = ES™ —

cm
beam

— background suppression; o ~ 26 MeV (mom resolution)

/77 separation: include momentum correlation
— boost = broad momentum spectrum

events/(6 MeV)
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Particle |dentification

® Cherenkov angle 6. from DIRC

— primary /X /7t separation j)
Ty

cos(0.) = 1/Bn , 0.=f (p, mass) 7 [
Miror | |
. | Bar J\W dow ,~ Standoft Box ‘

— from 2.5 to ~100 separation AN == J‘
— boost = momentum/angle correlation o=
e L B LR BN B TrrrT L L B L N BRI BLELE
i Control 1 - :
1200~ BABAR Samp e - 0 BABAR _
D tagged D—Kn | L _ ]
1000 1= 99 T QQ i K/n separation
w00 5 | with DIRC
Z —
3 X o gl
%600 ?
E o 4l
400 e
200 r 7
0 0 | 1 | | | | T |
-10.0 ex 5.0
(9 9 p)/ 0] 1.75 K/t momentum (GeV/c) 4.25
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Event Shape

® Suppress background:

ete™ — q@ — “jets” (signal “spherical” ete™—71(45)— BB)

® Define in the 7 (45) cm frame:

— sphericity axes B /(rest-of-event) angle O
cos(0s)< 0.8; reject ~5/6 background, 1/5 signal

— CLEO Fisher=>"; a;p;

rest-of-event
momentum flow
In 9 cones

D DP.p» Control
300:' BABAR Sample ]

B°—sD 1

0.0 Fisher 1.0
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Fit for Branching Fraction

e Unbinned Maximum Likelihood fit

8 N 8
ceep(-Yn) I Yur@a) o
=1 1=1 =1
PDF: Pi(Z;) = Pir(mgs) « Pi2(AE) - Pis(F) - Pia(0F) - Pis(6.)
e Fit 4 signal and 4 background yields (n;):

— Np+rp-

—Ng+r— = NEgx X (]_ — ACP)/z (ACP _ 'n,K_W_|_—nK_|_7r_)
~NKg—7+ = NKx X (1 + ACP)/z Mt T
—NK+K-

e Float 8 background shape parameters
- mgs (1), AE (2), F (5)

® Reduce systematic uncertainty:

— no vertexing (At) or tagging in Branching fit
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Branching Fraction Results

e Preliminary: ~60 million T (4S) — BB, reconstruct ~ 38% eff

B Decay | Fit Events BABAR B(107%) | Charge Asymmetry
wta~ 124178+7 5.4+0.7 £ 0.4 —
K*n¥ | 403+244+15| 17.84+1.1+0.8 | —0.0540.06 + 0.01
Kt*K-| 06179 |<1.1(90%C.L.) -
. _ P.; N N
e Projection plots: ’Pbkg—i—g?’sig > Cut (“sphere” in 4D)

P enhanced B —> 7r+7r

project PDF (total and bkg: K (7wm)+qq)

P enhanced B —> K:I:ﬂ':F

F 150 T 71T T 71T 7 60
wl BABAR A BABAR BABAR BABAR
Mmes TAE Mmes E
I I 100 - a0l
20 - s
1 1 50 |- 207
10 F 51H N
: oA e ul H i S B 15 5 SRR N
I bkg: qg+Kmy i U 11 L bkg: q@+mw\ 0. T HF
52 5205 5.25 5.275 53 20.1 0.1 52 5.225 525 5.275 53 -0.1 0 0.1
o GeV/c? AE GeV m GeV/c? AE GeV

ES
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Direct CP in wK and Related Modes

e Penguin+Tree = direct-C'P
-7t K° ¢K®™ - “pure” P
(New Physics in loops?)

— % - pure T

Preliminary with 60x 10 BB
B Decay Acp

rFTK* | —0.05+0.06 &+ 0.01
7°K* | 0.0040.11 =+ 0.02
7T K° | —0.1740.10 & 0.02
atx® | —0.05T227 4 0.10

Published with 23x10¢ BB
Phys.Rev.D 65, 051101 (2002)

_ 2 |P| |T| sin A¢p sin Aéd
Acp = [P]I2+|T|2+2 |P| |[T| cos A¢ cos Ad
1 I 1 1 1 1 ! 1 1 1 1 I 1 1 1 1
BO% TC—TKi BABAR
| —'-i- |
Bi_) 1'[;01(i 90% C.L.
' + +,0 '
. B ->mK" :
| B > n'n’ .
B '— B'Ki
| L ?—5 |
I_B% (DTC .I —
| B 0K
| Bi? q)K*i l |
B'— 0K |
e ST SRS . S————
1.0 -0.5 0.0 0.5 1.0
Acp
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Vertexing (At)

o Vertex B, — T AZ = 7, » — Zother
e Vertex other B: At = AZ/(Bc)
_ tracks not from B.. (correct for direction) 5

— B ... vertex and momentum
— 1 (45) spot and momentum

o az~180um
ByeTp~250pum beam spot IP

Silicon Vertex Detector
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At Parameterization

e B— ntn~ (tag other B: Qag = +1 for B°/B° )
fop(At) = Ryig(At) ® [e~Atl/s
X(1 % Srr(1-2w) sin(AmgAt) F C,-(1-2w) cos(AmgAt))]

e B— KTnT (kaon charge Qk)
fseit (At) = R (AL) ® [e"AtVTB (1+Qk(1-2w) cos(AmgAt))]

Externe?l info: | s P enhanceg B PABAR
— resolution function R, (3 Gaussian) | B—wt77 ,
— mistag fraction w (next slide) . At |
e Background (empirical): } [total
forg(At) = G1(At) @ emlat/mis 3 oo
+G2(At) + G3(At) (Gaussian) ’
Toke = 0.56 ps (15 = 1.54 ps) o s 0 s

At ps
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B Flavor Tagging

e Tagging other B:

— Lepton charge (b — cl™v)
— charge (b — ¢ — s)

— Neural Network (p, soft m,..)
NT1 (more certain)

NT2 (less certain)
— Untagged

Q=%¢,(1-2w;)?=25.1 & 0.8%

e Large sample of
B — D®=qt /pt /af
J/YK*(Ktn™)
— determine mistag w;,

— resolution function Rig
— validate vertexing/tagging

<

205 |

Tag Mistag | Signal || 1w | K=
w (%) | € (%) || bkg € | bkg €

Lepton 8.6 11.1 0.9 1.0
18.1 34.7 249 | 32.7

NT1 22.0 7.6 6.9 6.1
NT2 37.3 14.0 179 | 154
Notag (50) 326 || 49.4 | 41.7
 —
BABAR { |

—4

%K_____;

-1

Fha
o

B mixing result with ~30fb™*

0

5

10

15

20

|Atl (ps)
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Time-dependent Fit

e Add At into ML fit:

Pi1(mgs) « Pi2(AE) - Pis(F) - 'Pfi4(92—) -+ Pis(0) - Pis(At)
— separate PDF, 5 tagging categories:  (1;€;.c), Pi.c(Z;)

e Fit for: - “sin(2atesr)”: Srr and Chrp

o Fix: — yields (7;) from Branching fit
— 7 and Amy
— signal resolution Rig ., mistag w,, tag eff

e Float 32 background shape parameters
— TNES (5)
_ AE (2)
- F (5)
— At resolution (8)
— tagging eff mr, K7, KK (12)
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B Lifetime and Mixing with B — K

e Float Am,4 and 7 in C P fit:
Amg = (0.517 £ 0.062) ps~?
5 = (1.66 % 0.09) ps

e Projection in B —» K*x¥; L e

— Nmix—Nunmix < BABAR

Amix T Nmix+Nunmix 0.5 ; ]
= (1-2w) cos(AmgAt) | % e

e Validation of CP fit 0 1
i xg/ i

T

_1 I 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 | ‘ | |
0 2 4 6 8 10

|At] (ps)
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Measurement of sin(2aes)

BABAR preliminary result | 90% C.L.
S, | —0.01 & 0.37 & 0.07 | [-0.66,+0.62]
Crr | —0.02 4 0.29 & 0.07 | [-0.54,+-0.48]

o Check A, (At) = "Bo="50 ~

X Syprsin(AmgAt)
—Cr cos(AmgAt)

e Systematics not dominant:
— 6, param (0.04-0.06)

- Reig (0.01-0.02) ... Bosl
— mistag w, Tk

— Amd/ B Rk

— AE/mEs/:F'

— SVT alignment ...

N go+7n o

Events/ 1 ps

always include multiplicative errors

5
At (ps)
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Cross-Checks

® Parameterized and Simulated Monte Carlo fits:

— reproduce Likelihood value

— reproduce errors (£o):

os = 0.37 — 0.48
oc = 0.28 — 0.34

— reproduce generated S, and C.:

- Parameterized MC |
use measured central values o
(e.g. plot: 1o, 20, 30) 5 [
vary non-zero S, and C. © oo TR
consistent results

-0.5

— Srn/Crr correlation
(—13%) in nominal fit
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More Cross-Checks

e Simplified analysis:

— select 7w sample (5D P-based-selection):

Npn = 87.7 P enhanced B — w7~
N p— 5.4 r ‘ \ ‘BA‘BA‘R I ‘
N;.. = 52.1 20 - B
bkg . :_|_+H "'+++4$L SYA
_ . 2 0 | ‘ e -
2-parameter fit (Sﬂ'ﬂ' and Cﬂ'ﬂ') E 5. 5.005 5.5 5.075 53
results consistent % B I
less accurate S0 Bues jﬁl ]
" ' " m L i
(should be combined fit with K) e T T AV
5.2 5.225 5.25 5.275 5.3

— yield of B® — 7w and B® — 7w
no evidence for large |C ]

: ¥
e Of course: TR A A
5.2 5.225 5.25 5.275 5.3

Mg (GeV/cz)

— tagging/vertexing/reconstruction
verified in sin(2/3), mixing, Branching analyses
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Interpretation of Results

e Constrain a with C; and S (Qesr)

SFWZZIm(Aﬂ--,;) Gronau, Rosner
1+ | Arr S2+C? <1 Phys.Rev.D 65, 093012 (2002)
1—|Arr|?
_ 1.0
=1t Anal?

2ia( 1+|P/T|ei‘sei'7 )
1+|P/T|e¥e—*7 0.5

=€

e External info:
|P/T| ~ 0.28 SEE

B = 26°
— 7T < (5 < T 0.5
a = (97130)° BELLE - IR
710 | | | | ‘ l\l\lAL.L—t/l/l ‘ | | | |
~1.0 -0.5 0.0 0.5 1.0
S
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Summary

o First measurement of sin(2as):

30 million BB: summer 2001

BABAR Phys. Rev. D 65, 051502 (2002)
(Srx=0.03703% 4+ 0.11, Crr=—0.2570%2 £+ 0.14)

60 million BB: this measurement

Srr = —0.01 £ 0.37 £ 0.07
Crr = —0.02 £ 0.29 £ 0.07

90 million BB: expect this summer
o(Snr) ~ 031, o(C,,) ~ 0.24

e Direct constraints on «

e Extensive BABAR program:
— Branchings and direct-C'P in all B — 7w /K7 and other modes

— sin(2agr) in other modes
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